INTRODUCTION
============

Nonvariceal upper gastrointestinal bleeding (NVUGIB) is one of the most common emergencies, especially in patients with co-morbidities ([@B1][@B2][@B3]). To assist in decisions like the timing of endoscopy or need for admission, early risk stratification is necessary in these patients ([@B4]). The Glasgow-Blatchford score (GBS) ([@B5]) and the Rockall score ([@B6]) have been developed to predict prognosis of patients with NVUGIB and are widely used for risk stratification of such patients. However, these scoring systems are limited due to their onerous calculations. The recently developed AIMS65 score is easy to calculate and has superior power in predicting mortality than previous scoring systems ([@B7][@B8][@B9]).

Lactate has been used to predict the severity of illness and risk of mortality in many diseases like sepsis, trauma, cancer, and pediatric cardiac diseases ([@B10]). Recent studies have demonstrated that lactate is associated with prognosis in patients with upper gastrointestinal bleeding (UGIB) ([@B11][@B12][@B13]). Although serum lactate level and lactate clearance rate (LCR) have been evaluated as means to evaluate risk evaluation in patients with UGIB, optimal parameter of lactate for risk evaluation remains unclear.

The present study aimed to evaluate several types of lactate parameter for predicting outcomes of patients with NVUGIB and to establish the new scoring system by combining the AIMS65 score and lactate parameters (L-AIMS65s).

MATERIALS AND METHODS
=====================

Subjects
--------

The medical records of the 1,884 adult patients (\> 18 years old) with NVUGIB who underwent endoscopic hemostasis at the Samsung Medical Center between January 2006 and August 2016 were retrospectively reviewed. Of them, 199 patients underwent serum lactate level test at least twice and endoscopic hemostasis within 24 hours after admission to the emergency room or general ward. Patients were excluded because of when 1) tumor bleeding (n = 33) or post-procedure or surgical site bleeding (n = 32), 2) active systemic infection or inflammatory disease at the time of admission (n = 16), or 3) post-cardiopulmonary resuscitation state (n = 4). Finally, 114 patients were included into the analysis ([Fig. 1](#F1){ref-type="fig"}).
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Measurements and outcomes
-------------------------

The demographic and clinical characteristics of all patients were retrieved from medical records. The information included age, sex, medical history, existence of comorbid disease, time of admission, time of endoscopic hemostasis, symptoms or signs of bleeding, occurrence of syncope or change of consciousness, vital signs including blood pressure and heart rate on admission and within 24 hours from admission, laboratory results on admission, etiology of bleeding, Forrest classification after endoscopic hemostasis, 30-day rebleeding, 30-day mortality, duration of admission, and admission to intensive care unit (ICU).

The primary outcomes were rates of rebleeding and mortality up to 30 days following admission. Secondary outcomes were development of new hypotension within 24 hours (defined as systolic blood pressure \[SBP\] \< 90 mmHg or diastolic blood pressure \< 60 mmHg without evidence of other causes of hypotension except UGIB), active bleeding (Forrest classification IA and IB) under endoscopic examination, admission to ICU, and admission over 7 days.

Lactate parameters
------------------

Venous lactate level was measured by enzymatic colorimetry using a Modular DP analyzer (Roche Diagnostics, Indianapolis, IN, USA). Five lactate parameters within 24 hours after admission were defined and calculated: 1) LCR-1 was defined as the percent decrease per hour (%/hr) in lactate from the initial level to subsequent level, 2) LCR-2 was defined as the decrease of value of serum lactate per hour (mmol/L/hr) from the initial level to subsequent level, 3) initial lactate level (mmol/L), 4) maximal lactate level (mmol/L), and 5) average lactate (mmol/L; average value of serum lactate levels).

Statistical analysis
--------------------

Continuous variables are expressed as the median, and categorical variables as the number (percentage). The Mann-Whitney U and Fisher\'s exact tests were used to analyze continuous and categorical variables, respectively. Binary logistic regression and simple linear logistic regression analysis were used to calculate odds ratio (OR) of each lactate related parameter for primary and secondary outcomes, with 95% confidence intervals (CIs). *P* value \< 0.05 was considered to be statistically significant. The data analysis was performed by SAS version 9.4 (SAS Institute, Cary, NC, USA).

To establish a new predictive model, we defined the new score systems as follows; 1) L-AIMS65([@B1]) is the combination of LCR-1 with AIMS65, 2) L-AIMS65([@B2]) is the combination of LCR-2 with AIMS65, 3) L-AIMS65([@B3]) is the combination of initial lactate with AIMS65, 4) L-AIMS65([@B4]) is the combination of maximal lactate level with AIMS65 score, and 5) L-AIMS65([@B5]) is the combination of average lactate with AIMS65. We assessed the predictive powers of five lactate parameters, AIMS65 score, and L-AIMS65 scores with the area under the receiver-operating characteristic curve and compared the results using the Hanley & McNeil test. The best cut-off of the receiver operating characteristic (ROC) curve was determined as that which maximized the Youden index. ROC curves were obtained by averaging 1,000 populations bootstrapped (sampling with replacement) from the present study population.

Ethics statement
----------------

The Institutional Review Board of Samsung Medical Center approved the study protocol and waived the requirement for informed consent, since de-identified data were used (No. 2016-015).

RESULTS
=======

Population characteristics
--------------------------

The patients\' mean age was 65.1 ± 11.8 years. Eighty-six (75.4%) patients were male. Twenty-three (20.2%) patients were taking anticoagulant medications, and all stop taking anticoagulants after bleeding. Eleven patients restarted taking anticoagulants and 2 rebled while 12 patients did not restart and 2 rebled. Seventy-six (66.7%) patients had comorbidity. Six (5.3%) patients died within 30 days of the admission, and they could not discharge after admission. These characteristics did not differ according to the presence of 30-day rebleeding and 30-day mortality ([Table 1](#T1){ref-type="table"}).

###### Characteristics of subjects according to the 30-day rebleeding and 30-day mortality
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  Parameters                 Overall (n = 114)   Rebleeding (+) (n = 11)   Rebleeding (−) (n = 103)   *P* value   Mortality (+) (n = 6)   Mortality (−) (n = 108)   *P* value
  -------------------------- ------------------- ------------------------- -------------------------- ----------- ----------------------- ------------------------- -----------
  Age, yr                    65.1 ± 11.8         70.9 ± 10.8               64.5 ± 11.8                0.087       65.0 ± 15.1             65.1 ± 11.6               0.982
  Male                       86 (75.4)           7 (63.6)                  79 (76.7)                  0.456       4 (66.7)                82 (75.9)                 0.634
  Use of anticoagulant                                                                                                                                              
   None                      91 (79.8)           7 (63.6)                  84 (81.6)                  0.228       6 (100.0)               85 (78.7)                 0.345
   Aspirin                   13 (11.4)           3 (27.3)                  10 (9.7)                   0.112       0                       13 (12.0)                 1.000
   Clopidogrel               8 (7.0)             1 (9.1)                   7 (6.8)                    0.568       0                       8 (7.4)                   1.000
   Warfarin                  6 (5.3)             2 (18.2)                  4 (3.9)                    0.103       0                       6 (5.6)                   1.000
   NOAC                      3 (2.6)             0                         3 (2.9)                    1.000       0                       3 (2.8)                   1.000
  Comorbidity                                                                                                                                                       
   None                      38 (33.3)           2 (18.2)                  36 (35.0)                  0.331       1 (16.7)                37 (34.3)                 0.662
   Hepatic disease           29 (25.4)           1 (9.1)                   28 (27.2)                  0.285       4 (66.7)                25 (23.1)                 0.036
   Heart failure             4 (3.5)             1 (9.1)                   3 (2.9)                    0.337       0                       7 (3.7)                   1.000
   CKD                       9 (7.9)             2 (18.2)                  7 (6.8)                    0.209       0                       9 (8.3)                   1.000
   Metastatic cancer         25 (21.9)           3 (27.3)                  22 (21.4)                  0.704       3 (50.0)                22 (20.4)                 0.118
   COPD                      1 (0.9)             0                         1 (1.0)                    1.000       0                       1 (0.9)                   1.000
   DM                        24 (21.1)           4 (36.4)                  20 (19.4)                  0.240       0                       24 (22.2)                 0.340
   Ischemic heart disease    12 (10.5)           3 (37.3)                  9 (8.7)                    0.091       0                       12 (11.1)                 1.000
   Cerebrovascular disease   6 (5.3)             0                         6 (5.8)                    1.000       0                       6 (5.6)                   1.000

Data are shown as mean ± standard deviation and number of subjects (percentage).

NOAC = novel oral anticoagulant, CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease, DM = diabetic mellitus.

Most common cause of bleeding was gastric ulcer (48.2%) followed by duodenal ulcer (28.1%), Dieulafoy lesion (6.3%), Mallory-Weiss tear (3.5%), and angiodysplasia (3.5%). Over half the patients had active bleeding and a third had adherent clot. These endoscopic findings did not differ according to the presence of 30-day rebleeding and 30-day mortality ([Table 2](#T2){ref-type="table"}).

###### Endoscopic findings of subjects according to the 30-day rebleeding and 30-day mortality
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  Findings                 Overall (n = 114)   Rebleeding (+) (n = 11)   Rebleeding (−) (n = 103)   *P* value   Mortality (+) (n = 6)   Mortality (−) (n = 108)   *P* value
  ------------------------ ------------------- ------------------------- -------------------------- ----------- ----------------------- ------------------------- -----------
  Bleeding etiology                                                                                                                                               
   Gastric ulcer           55 (48.2)           6 (54.5)                  49 (47.6)                  0.573       3 (50.0)                52 (48.1)                 1.000
   Duodenal ulcer          32 (28.1)           2 (18.2)                  30 (29.1)                  0.725       2 (33.3)                30 (27.8)                 0.673
   Dieulafoy lesion        6 (5.3)             1 (9.1)                   5 (4.9)                    0.464       0                       6 (5.6)                   1.000
   Mallory-Weiss tear      4 (3.5)             0                         4 (3.9)                    1.000       1 (16.7)                3 (2.8)                   0.197
   Angiodysplasia          4 (3.5)             1 (9.1)                   3 (2.9)                    0.337       0                       4 (3.7)                   1.000
   Gastritis               4 (3.5)             0                         4 (3.9)                    1.000       0                       4 (3.7)                   1.000
   Esophagitis             3 (2.6)             0                         3 (2.9)                    1.000       0                       3 (2.8)                   1.000
   Others                  6 (5.3)             1 (9.1)                   5 (4.9)                    0.518       0                       6 (5.6)                   1.000
  Forrest classification                                                                            0.981                                                         0.940
   IA                      15 (13.2)           2 (18.2)                  13 (12.6)                  1 (16.7)    14 (13.0)                                         
   IB                      46 (40.4)           5 (45.5)                  41 (39.8)                  2 (33.3)    44 (40.7)                                         
   IIA                     38 (33.3)           4 (36.4)                  34 (33.0)                  3 (50.0)    35 (32.4)                                         
   IIB                     8 (7.0)             0                         8 (7.8)                    0           8 (7.4)                                           
   IIC                     2 (1.8)             0                         2 (1.9)                    0           2 (1.9)                                           
   III                     5 (4.4)             0                         5 (4.9)                    0           5 (4.6)                                           

Data are shown as number of subjects (percentage).

In [Table 3](#T3){ref-type="table"}, lactate parameters and AIMS65 components of subjects according to the 30-day rebleeding and 30-day mortality are shown. Patients who had 30-rebleeding showed a lower LCR-2 than those who did not (−0.1 ± 0.5 vs. 0.1 ± 0.4 mmol/L/hr, *P* = 0.027). Other lactate parameters did not differ according to the presence of 30-day rebleeding and no lactate parameters differed according to the presence of 30-day mortality. Among the AIMS65 components, albumin and prothrombin time (PT) were lower in patients who had 30-mortality than in those who did not.

###### Lactate parameters and AIMS65 score of subjects according to the 30-day rebleeding and 30-day mortality
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  Lactate parameters        Overall (n = 114)   Rebleeding (+) (n = 11)   Rebleeding (−) (n = 103)   *P* value   Mortality (+) (n = 6)   Mortality (−) (n = 108)   *P* value
  ------------------------- ------------------- ------------------------- -------------------------- ----------- ----------------------- ------------------------- -----------
  LCR, %/hr                 2.8 ± 7.7           −2.5 ± 13.4               3.4 ± 6.7                  0.177       −2.0 ± 10.9             3.1 ± 7.4                 0.112
  LCR, mmol/L/hr            0.1 ± 0.4           −0.1 ± 0.5                0.1 ± 0.4                  0.027       0.1 ± 0.2               0.1 ± 0.4                 0.689
  Initial lactate, mmol/L   2.7 ± 1.8           2.5 ± 1.2                 3.5 ± 2.5                  0.242       6.1 ± 5.3               3.2 ± 2.1                 0.246
  Maximal lactate, mmol/L   3.6 ± 2.6           3.6 ± 3.7                 3.6 ± 2.5                  0.957       6.4 ± 5.0               3.5 ± 2.4                 0.222
  Average lactate, mmol/L   2.7 ± 1.8           2.9 ± 2.3                 2.7 ± 1.8                  0.800       5.3 ± 4.5               2.6 ± 1.5                 0.201
  AIMS65                    1.42 ± 0.9          2.0 ± 1.1                 1.3 ± 0.9                  0.109       2.3 ± 0.8               1.3 ± 0.9                 0.015
   Albumin, g/dL            3.1 ± 0.5           2.8 ± 0.5                 3.2 ± 0.5                  0.064       2.5 ± 0.5               3.2 ± 0.5                 0.003
   PT, INR                  1.4 ± 1.0           1.3 ± 0.2                 1.4 ± 1.1                  0.769       2.8 ± 1.5               1.3 ± 0.9                 0.001
   Altered mentality        8 (7.0)             1 (9.1)                   7 (6.8)                    0.568       1 (16.7)                7 (6.5)                   0.360
   SBP, mmHg                110.9 ± 23.5        110.3 ± 23.1              111.0 ± 23.7               0.927       100.6 ± 24.0            111.5 ± 24.4              0.273
   Age, yr                  65.1 ± 11.8         70.9 ± 10.8               64.5 ± 11.8                0.087       65.0 ± 15.1             65.1 ± 11.6               0.982

Data are shown as mean ± standard deviation and number of subjects (percentage).

LCR = lactate clearance rate, PT = prothrombin time, INR = international normalized ratio, SBP = systolic blood pressure.

Lactate parameters with prediction for outcomes
-----------------------------------------------

LCR-1 was associated with 30-day rebleeding (OR, 0.931; 95% CI, 0.872--0.994; *P* = 0.033). Initial lactate (OR, 1.313; 95% CI, 1.050--1.643; *P* = 0.017), maximal lactate (OR, 1.277; 95% CI, 1.037--1.573; *P* = 0.021), and average lactate (OR, 1.535; 95% CI, 1.137--2.072; *P* = 0.005) levels were associated with 30-day mortality ([Table 4](#T4){ref-type="table"}). Initial lactate (OR, 1.213; 95% CI, 1.027--1.432; *P* = 0.023), maximal lactate (OR, 1.271, 95% CI, 1.074--1.504; *P* = 0.005), and average lactate (OR, 1.501; 95% CI, 1.150--1.959; *P* = 0.003) levels were associated with admission over 7 days. However, no lactate parameters were associated with hypotension, active bleeding during endoscopy, and ICU admission.

###### Outcomes according to the lactate parameters
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  Lactate parameters        30-day rebleeding   30-day mortality       Hypotension            Active bleeding        ICU admission          Admission over 7 days   
  ------------------------- ------------------- ---------------------- ---------------------- ---------------------- ---------------------- ----------------------- ----------------------
  LCR-1, %/hr               OR (95% CI)         0.931 (0.872--0.994)   0.945 (0.879--1.017)   0.994 (0.936--1.057)   0.951 (0.897--1.009)   0.967 (0.911--1.025)    0.987 (0.939--1.037)
  *P*                       0.033               0.132                  0.855                  0.094                  0.257                  0.596                   
  LCR-2, mmol/L/hr          OR (95% CI)         0.089 (0.007--1.051)   0.642 (0.080--5.148)   1.046 (0.262--4.187)   0.533 (0.201--1.417)   0.443 (0.106--1.858)    1.001 (0.417--2.404)
  *P*                       0.055               0.677                  0.949                  0.207                  0.266                  0.997                   
  Initial lactate, mmol/L   OR (95% CI)         0.788 (0.529--1.176)   1.313 (1.050--1.643)   0.948 (0.768--1.170)   1.087 (0.929--1.272)   1.051 (0.868--1.273)    1.213 (1.027--1.432)
  *P*                       0.244               0.017                  0.619                  0.299                  0.611                  0.023                   
  Maximal lactate, mmol/L   OR (95% CI)         1.006 (0.799--1.268)   1.277 (1.037--1.573)   0.914 (0.753--1.110)   1.121 (0.961--1.307)   1.129 (0.950--1.331)    1.271 (1.074--1.504)
  *P*                       0.956               0.021                  0.365                  0.147                  0.148                  0.005                   
  Average lactate, mmol/L   OR (95% CI)         1.042 (0.712--1.378)   1.535 (1.137--2.072)   0.877 (0.671--1.146)   1.262 (0.989--1.609)   1.171 (0.924--1.483)    1.501 (1.150--1.959)
  P                         0.798               0.005                  0.337                  0.061                  0.192                  0.003                   

ICU = intensive care unit, LCR = lactate clearance rate, OR = odds ratio, CI = confidence interval.

Lactate parameter combined AIMS65 scores and AIMS65 score with prediction for outcomes
--------------------------------------------------------------------------------------

ORs of the five lactate parameters with the combined AIMS65s and AIMS65 scores for each outcome are presented in [Table 5](#T5){ref-type="table"}. All models were associated with 30-day rebleeding, 30-day mortality, hypotension, active bleeding, admission to ICU, and admission over 7 days (all *P* \< 0.05). L-AIMS65([@B2]) showed the highest area under the curve (AUC) for prediction of 30-day rebleeding, L-AIMS65([@B4]) for 30-day mortality, L-AIMS65([@B5]) for hypotension, L-AIMS65([@B1]) for active bleeding, L-AIMS65([@B4]) for admission to ICU, and L-AIMS65([@B5]) for admission over 7 days ([Table 6](#T6){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}). However, differences of AUC between L-AIMS65s and AIMS65 did not reach statistical significance in each outcome (all *P* \> 0.05 by Hanley & McNeil test). Scoring each L-AIMS65 is shown in [Table 7](#T7){ref-type="table"}. Cut-off values of models that maximized the sum of the sensitivity and specificity for each outcome are presented in [Table 8](#T8){ref-type="table"}.

###### Outcomes of L-AIMS65s and AIMS65 score
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  Combined parameters   30-day rebleeding   30-day mortality       Hypotension            Active bleeding        ICU admission          Admission over 7 days   
  --------------------- ------------------- ---------------------- ---------------------- ---------------------- ---------------------- ----------------------- ----------------------
  L-AIMS65(1)           OR (95% CI)         1.768 (1.126--2.775)   2.637 (1.184--5.875)   2.454 (1.326--4.542)   1.751 (1.193--2.570)   2.074 (1.211--3.552)    2.141 (1.363--3.364)
  *P*                   0.013               0.018                  0.004                  0.004                  0.008                  0.001                   
  L-AIMS65(2)           OR (95% CI)         1.807 (1.092--2.989)   2.858 (1.151--7.097)   2.425 (1.321--4.453)   1.839 (1.215--2.784)   2.137 (1.237--3.691)    2.154 (1.366--3.397)
  *P*                   0.021               0.024                  0.004                  0.004                  0.007                  0.001                   
  L-AIMS65(3)           OR (95% CI)         2.275 (1.217--4.251)   2.330 (1.295--4.190)   2.231 (1.271--3.916)   1.712 (1.144--2.563)   2.148 (1.212--3.804)    2.026 (1.368--3.001)
  *P*                   0.01                0.005                  0.005                  0.009                  0.009                  \< 0.001                
  L-AIMS65(4)           OR (95% CI)         2.186 (1.066--4.481)   2.190 (1.229--3.901)   2.597 (1.416--4.764)   1.677 (1.142--2.462)   2.022 (1.207--3.386)    1.953 (1.351--2.823)
  *P*                   0.033               0.008                  0.002                  0.008                  0.008                  \< 0.001                
  L-AIMS65(5)           OR (95% CI)         2.122 (1.048--4.299)   1.936 (1.256--2.985)   2.652 (1.448--4.858)   1.642 (1.156--2.332)   2.047 (1.207--3.474)    1.946 (1.363--2.779)
  *P*                   0.037               0.003                  0.002                  0.006                  0.008                  \< 0.001                
  AIMS65                OR (95% CI)         2.003 (1.035--3.877)   2.885 (1.139--7.308)   2.160 (1.236--3.774)   1.748 (1.143--2.674)   2.127 (1.210--3.740)    2.146 (1.365--3.373)
  *P*                   0.039               0.025                  0.007                  0.01                   0.009                  \< 0.001                

L-AIMS65s = lactate parameters combined AIMS65 scores, ICU = intensive care unit, LCR = lactate clearance rate, L-AIMS65([@B1]) = combination of LCR (%/hr) with AIMS65, L-AIMS65([@B2]) = combination of LCR (mmol/L/hr) with AIMS65, L-AIMS65([@B3]) = combination of initial lactate level (mmol/L) with AIMS65, L-AIMS65([@B4]) = combination of maximal lactate level (mmol/L) with AIMS65, L-AIMS65([@B5]) = combination of average lactate level (mmol/L) with AIMS65, OR = odds ratio, CI = confidence interval.

###### Comparison between L-AIMS65s and AIMS65 score in the each outcome

![](jkms-32-1820-i006)

  Combined parameters   30-day rebleeding      30-day mortality       Hypotension            Active bleeding        ICU admission          Admission over 7 days
  --------------------- ---------------------- ---------------------- ---------------------- ---------------------- ---------------------- -----------------------
  L-AIMS65(1)           0.717 (0.560--0.874)   0.789 (0.586--0.967)   0.726 (0.589--0.844)   0.682 (0.574--0.776)   0.700 (0.572--0.824)   0.698 (0.598--0.790)
  L-AIMS65(2)           0.728 (0.569--0.886)   0.796 (0.607--0.963)   0.723 (0.592--0.844)   0.671 (0.566--0.768)   0.697 (0.565--0.825)   0.695 (0.592--0.792)
  L-AIMS65(3)           0.705 (0.531--0.874)   0.836 (0.662--0.991)   0.718 (0.591--0.829)   0.643 (0.553--0.738)   0.720 (0.602--0.844)   0.701 (0.600--0.799)
  L-AIMS65(4)           0.682 (0.513--0.860)   0.837 (0.635--0.982)   0.734 (0.609--0.844)   0.647 (0.555--0.744)   0.722 (0.604--0.844)   0.717 (0.618--0.814)
  L-AIMS65(5)           0.669 (0.505--0.850)   0.832 (0.605--0.991)   0.742 (0.618--0.853)   0.657 (0.560--0.749)   0.720 (0.600--0.841)   0.726 (0.625--0.824)
  AIMS65                0.649 (0.507--0.810)   0.773 (0.577--0.929)   0.699 (0.582--0.810)   0.632 (0.545--0.722)   0.693 (0.577--0.802)   0.684 (0.589--0.776)

Data are shown as AUC (2.5th percentile--97.5th percentile). All *P* values comparing AIMS65 with L-AIMS65s \> 0.05 by Hanley & McNeil test.

L-AIMS65s = lactate parameters combined AIMS65 scores, ICU = intensive care unit, LCR = lactate clearance rate, L-AIMS65([@B1]) = combination of LCR (%/hr) with AIMS65, L-AIMS65([@B2]) = combination of LCR (mmol/L/hr) with AIMS65, L-AIMS65([@B3]) = combination of initial lactate level (mmol/L) with AIMS65, L-AIMS65([@B4]) = combination of maximal lactate level (mmol/L) with AIMS65, L-AIMS65([@B5]) = combination of average lactate level (mmol/L) with AIMS65.

![ROC curves of L-AIMS65s and AIMS65 score for clinical outcomes of patients with NVUGIB. (**A**) Thirty-day rebleeding. (**B**) Thirty-day mortality. (**C**) Hypotension. (**D**) Active bleeding. (**E**) Admission to ICU. (**F**) Admission over 7 days.\
ROC = receiver operating characteristic, L-AIMS65s = lactate parameters combined AIMS65 scores, NVUGIB = nonvariceal upper gastrointestinal bleeding, ICU = intensive care unit.](jkms-32-1820-g002){#F2}

###### Scoring of L-AIMS65s for each clinical outcome
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  Outcomes                L-AIMS65(1)                               L-AIMS65(2)                               L-AIMS65(3)                               L-AIMS65(4)                                   L-AIMS65(5)
  ----------------------- ----------------------------------------- ----------------------------------------- ----------------------------------------- --------------------------------------------- -----------------------------------------
  30-day rebleeding       −3.095 + (0.570 × AIMS65) − (0.055 × A)   −3.044 + (0.592 × AIMS65) − (2.036 × B)   −2.751 + (0.822 × AIMS65) − (0.286 × C)   −3.269 + (0.782 × AIMS65) − (0.076 × D)       −3.287 + (0.752 × AIMS65) − (0.075 × E)
  30-day mortality        −4.630 + (0.970 × AIMS65) − (0.025 × A)   −4.807 + (1.050 × AIMS65) − (0.155 × B)   −5.299 + (0.846 × AIMS65) + (0.197 × C)   −4.978 + (0.784 × AIMS65) + (0.145 × D)       −5.232 + (0.661 × AIMS65) + (0.320 × E)
  Hypotension             −1.583 + (0.898 × AIMS65) + (0.039 × A)   −1.580 + (0.886 × AIMS65) + (0.908 × B)   −1.065 + (0.802 × AIMS65) − (0.098 × C)   −0.879 + (0.955 × AIMS65) − (0.201 × D)       −0.822 + (0.975 × AIMS65) − (0.290 × E)
  Active bleeding         −0.468 + (0.560 × AIMS65) − (0.053 × A)   −0.574 + (0.609 × AIMS65) − (0.783 × B)   −0.776 + (0.538 × AIMS65) + (0.049 × C)   −0.842 + (0.517 × AIMS65) + (0.074 × D)       −1.037 + (0.496 × AIMS65) + (0.182 × E)
  ICU admission           −2.901 + (0.730 × AIMS65) − (0.018 × A)   −2.911 + (0.759 × AIMS65) − (0.576 × B)   −2.957 + (0.764 × AIMS65) − (0.013 × C)   −3.073 + (0.704 × AIMS65) +(0.044** ** × D)   −3.071 + (0.717 × AIMS65) + (0.050 × E)
  Admission over 7 days   −1.797 + (0.761 × AIMS65) − (0.003 × A)   −1.800 + (0.767 × AIMS65) − (0.085 × B)   −2.275 + (0.706 × AIMS65) + (0.161 × C)   −2.411 + (0.669 × AIMS65) + (0.205 × D)       −2.662 + (0.666 × AIMS65) + (0.362 × E)

L-AIMS65s = lactate parameters combined AIMS65 scores, ICU = intensive care unit, LCR = lactate clearance rate, L-AIMS65([@B1]) = combination of LCR (%/hr) with AIMS65, L-AIMS65([@B2]) = combination of LCR (mmol/L/hr) with AIMS65, L-AIMS65([@B3]) = combination of initial lactate level (mmol/L) with AIMS65, L-AIMS65([@B4]) = combination of maximal lactate level (mmol/L) with AIMS65, L-AIMS65([@B5]) = combination of average lactate level (mmol/L) with AIMS65, A = LCR (%/hr), B = LCR (mmol/L/hr), C = initial lactate level (mmol/L), D = maximal lactate level (mmol/L), E = average lactate level (mmol/L).

###### Cut-off value, sensitivity, specificity, PPV, and NPV of models for predicting each outcome

![](jkms-32-1820-i008)

  Models                  Outcomes            Cut-off value   Sensitivity   Specificity   PPV    NPV
  ----------------------- ------------------- --------------- ------------- ------------- ------ ------
  L-AIMS65(1)             30-day rebleeding   −1.68           0.45          0.91          0.36   0.94
  30-day mortality        −2.79               0.83            0.71          0.14          0.99   
  Hypotension             −0.54               0.77            0.67          0.62          0.81   
  Active bleeding         −0.19               0.87            0.45          0.65          0.75   
  ICU admission           −2.01               0.76            0.64          0.27          0.94   
  Admission over 7 days   −1.04               0.77            0.63          0.52          0.84   
  L-AIMS65(2)             30-day rebleeding   −1.64           0.45          0.93          0.42   0.94
  30-day mortality        −2.72               0.83            0.72          0.14          0.99   
  Hypotension             −0.61               0.81            0.58          0.57          0.81   
  Active bleeding         −0.14               0.89            0.43          0.64          0.77   
  ICU admission           −2.04               0.76            0.64          0.27          0.94   
  Admission over 7 days   −1.03               0.77            0.61          0.51          0.84   
  L-AIMS65(3)             30-day rebleeding   −1.25           0.45          0.95          0.50   0.94
  30-day mortality        −3.46               1.00            0.56          0.11          1.00   
  Hypotension             −0.42               0.61            0.73          0.61          0.73   
  Active bleeding         −0.17               0.93            0.30          0.61          0.80   
  ICU admission           −2.21               0.76            0.62          0.26          0.94   
  Admission over 7 days   −0.35               0.46            0.84          0.60          0.75   
  L-AIMS65(4)             30-day rebleeding   −1.23           0.45          0.93          0.42   0.94
  30-day mortality        −3.30               1.00            0.59          0.12          1.00   
  Hypotension             −0.63               0.84            0.53          0.55          0.83   
  Active bleeding         −0.04               0.67            0.57          0.64          0.60   
  ICU admission           −2.21               0.94            0.48          0.24          0.98   
  Admission over 7 days   −0.84               0.69            0.61          0.48          0.79   
  L-AIMS65(5)             30-day rebleeding   −1.24           0.45          0.93          0.42   0.94
  30-day mortality        −2.58               0.67            0.88          0.24          0.98   
  Hypotension             −3.58               1.00            0.48          0.10          1.00   
  Active bleeding         0.13                0.59            0.66          0.67          0.58   
  ICU admission           −1.89               0.76            0.65          0.28          0.94   
  Admission over 7 days   −0.67               0.62            0.71          0.52          0.78   
  AIMS65                  30-day rebleeding   3.00            0.45          0.87          0.28   0.94
  30-day mortality        2.00                0.83            0.62          0.11          0.99   
  Hypotension             2.00                0.52            0.82          0.67          0.71   
  Active bleeding         1.00                0.93            0.25          0.59          0.76   
  ICU admission           2.00                0.71            0.65          0.26          0.93   
  Admission over 7 days   2.00                0.59            0.69          0.50          0.76   

PPV = positive predictive value, NPV = negative predictive value, ICU = intensive care unit, LCR = lactate clearance rate, L-AIMS65([@B1]) = combination of LCR (%/hr) with AIMS65, L-AIMS65([@B2]) = combination of LCR (mmol/L/hr) with AIMS65, L-AIMS65([@B3]) = combination of initial lactate level (mmol/L) with AIMS65, L-AIMS65([@B4]) = combination of maximal lactate level (mmol/L) with AIMS65, L-AIMS65([@B5]) = combination of average lactate level (mmol/L) with AIMS65.

DISCUSSION
==========

Although lactate has a prognostic role in patients with NVUGIB, the optimal lactate level or clearance remains to be determined ([@B11][@B12][@B13][@B14]). Presently, higher LCR (%/hr) within 24 hours after admission was associated with lower 30-day rebleeding rate. Higher initial, maximal, and average lactate levels within 24 hours after admission were associated with higher 30-day mortality rate and a more frequent admission over 7 days. When the lactate parameters were combined with the AIMS65 score, the discriminating power of the models increased but did not reach statistical significance.

In critically ill patients with hypoperfusion and hypoxia, lactate production is increased ([@B15][@B16]). Hyperlactatemia may develop due to volume depletion, which results in tissue hypoxemia in patients with gastrointestinal bleeding. Elevated serum lactate level can predict recurrent hypotension in stabilized patients with NVUGIB ([@B13]). Elevated initial serum lactate level is associated with mortality in patients with NVUGIB similar to severe sepsis ([@B14][@B17]). Presently, initial, maximal, and average lactate levels were associated with 30-day mortality. As there were no significant differences of predicting power between the three lactate levels, a single initial lactate level test could be practical.

Even if the initial lactate level is not elevated, decreased lactate utilization is associated with mortality ([@B18]). Thus, lactate clearance could be also used as prognostic biomarker in patients with NVUGIB. In the present study, LCR-1 (%/hr) was associated bleeding. Lactate is known to be associated with active bleeding and mortality in patients with UGIB. A recent study reported an association of higher lactate clearance with a reduction in the risk of active bleeding during endoscopy in patients with UGIB ([@B11]). Without endoscopic treatment, active bleeding is well known to have a high rebleeding risk ([@B19]). However, endoscopic modality and timing is not associated with rebleeding ([@B20][@B21]). Thus, rebleeding may depend on the characteristics of the patient or lesion. Lactate clearance may also predict rebleeding by reflecting the severity of bleeding patients or lesions. In the present study, LCR-1 (%/hr) was only marginally associated active bleeding (*P* = 0.094). In the former study, ill patients (SBP ≤ 109 mmHg or heart rate ≥ 100 beats per min) were recruited, variceal bleeding was not excluded, and endoscopy was performed within 6 hours after admission. The different inclusion criteria may be the cause of the discrepancy in the results.

The AIMS65 score is easy to calculate with laboratory values routinely tested on admission ([@B22]). The AIMS65 score assigns points for albumin level, PT, mental status, SBP, and age. Thus, L-AIMS65 could reflect risk factors other than lactate by assigning point according to AIMS65 score. Although it has a good performance in predicting outcomes in bleeding patients ([@B7][@B8][@B9]), we assumed that the prognostic power could be improved by combining lactate parameter, which reflects tissue metabolism and which is easily obtainable together with other laboratory values. L-AIMS65s had higher AUC than AIMS65 for prediction of all clinical outcomes in the present study. However, it did not reach statistical significance. Considering the possibility of type I error, the additional role of lactate parameters to AIMS65 needs to be assessed in a large population.

This study has some limitations due to its retrospective design. First, a small subset of admission patients with NVUGIB could be analyzed due to lack of serum lactate levels required. As the lactate test might be performed in rather severely ill patients, there could be some selection bias. Thus, our results need to be interpreted in this background. However, we assume that the included subjects, who could be severely ill, are suitable for analysis to develop a predictive mode for clinical outcomes including mortality. Second, the time interval between initial and subsequent lactate tests was not consistent. To minimize possible bias, we defined the time frame as being within 24 hours after admission and measured change per hour. Third, the sample size is rather small to draw a concrete conclusion.

While the results need to be validated in prospective studies including large samples, we can conclude that serum lactate parameters of LCR and lactate levels predict clinical outcomes in patients receiving endoscopic hemostasis for NVUGIB.
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